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Report on the Wisconsin-Stanford-Kansas-Davis-Florida
State MURI on Scientific Challenges of Coated Conductors

July 1, 2005 — June 30, 2006

. Summary

Strong progress in Coated Conductor (CC) development occurred in the past year
and the MURI remained at the forefront of integrating an understanding of several key
aspects of the science with the technology. Major advances have been made in
understanding and bettering flux pinning, understanding and mitigating grain boundary
effects in CC and in beginning to understand protection and stability issues for CC. The
MURI will end on December 31, 2006 after a 6 month close out. Several of the
principals from the University of Wisconsin are relocating to the National High Magnetic
Field Laboratory at Florida State University, who have made a major offer to move the
Applied Superconductivity Center to a new facility at the Shaw Building just across the
street from the main building of the National High Magnetic Field Laboratory. The
Applied Superconductivity Center will become a division of the National High Magnetic
Field Laboratory with david Larbalestier as Director of ASC. Alex Gurevich and Eric
Hellstrom will join ASC in late 2006 and summer 2007, respectively. Essentially all of
the equipment belonging to Applied Superconductivity Center will move to the NHMFL
and a considerable enhancement of our capability will be made with the FSU start-up
package. Prominent in this package is 25,000 square feet of purpsed remdeled space, a
dual-bema FIB/HRSEM with full analytical capability and a 16T Quntum Design PPMS
system.

This report will be very brief, confining itself to a list of tpics and papers published
in the year since a final cumulative report of the MURI is now in preparation.

Il UW work (Principals - Eom, Feldmann, Gurevich, Hellstrom,
Larbalestier, Polyanskii and Song)

Work at UW falls under the general thrusts of:

a. The thickness dependence of the critical current density
b. Grain growth and grain boundary effects

c. TEM studies of grain boundaries and pinning effects in CC
d

. Construction and operation of a Low Temperature Scanning Laser Microscope
(LTLSM) and use of Magneto Optical Imaging for identification of local current
flow obstructions

e. Growth of YBCO or other RE-123 films using F-free solution methods
Growth studies of YBCO films using PLD
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lll Stanford University - Pls Malcolm Beasley and Katherine Moler
The Stanford subprogram of the larger MURI program is focused on the
development and the application of scanning Hall probe microscopy and scanning

tunneling potentiometry for use in coated conductor physical characterization.

IV. Kansas (Pl Judy Wu)

In this 12-months period of the MURI project, the University of Kansas group has
worked on several issues related to the coated conductor development. We continued
our effort in engineering microstructures of thick YBCO films and coated conductors with
the goal to improve the current carrying capability and magnetic flux pinning. This
includes insertion of nanoparticles, nanopores, nano-tubes, and nano-planes into the
YBCO films. To fully assess the correlation between the microstructure and
superconducting properties, normal state resistivity and Jc values have been measured
as functions of temperature and magnetic field. We have studied the defect morphology
through the film thickness using SEM and ion milling and observed nanotube-like pore
growth in micron thick YBCO films. In addition, the Jc-thickness behavior at different
temperatures and fields has been studied YBCO films of variable thickness and
YBCO/insulator/YBCO trilayered samples. We have continued developing our near-field
microwave microscope/near-field optical microscope (NSMM/NSOM) dual probe,

together with I-V measurement, for electrical current mapping in coated conductors.

V Florida State University (Pl Justin Schwartz)
The work covers the quench behavior of commercially produced coated conductors
subjected to a localized transient heat disturbance.
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UW Papers
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12.

13.

D.V. Abraimov, D.M. Feldmann, A A. Polyanskii, A. Gurevich, S. Liao, G.
Daniels, D.C. Larbalestier, A.P. Zhuravel, and A.V. Ustinov, "Imaging Local
Dissipation and Magnetic Field in YBCO Films with Artificial Defects," IEEE
Trans. On Appl. Supercon. 15, 2954-2957. (2005.)

X. Song, G. Daniels, D.M. Feldmann, A. Gurevich, and D.C. Larbalestier,
"Electromagnetic, Atomic-Structure and Chemistry Changes Induced by Ca-
doping of Low Angle YBCO Grain Boundaries," Nature Materials, 4, 470-475.
(2005)

T.G. Holesinger, P.N. Arendt, R. Feenstra, A.A. Gapud, E.D. Specht, D. M.
Feldmann and D.C. Larbalestier, “Liquid Mediated Growth and the Bi-modal
Microstructure of YBa,Cu;0, Films Made by the ex situ Conversion of PVD-BaF,
Precursors,” J. Materials Research 20, 1216-1233. (2005.)

D.M. Feldmann, D.C. Larbalestier, T. Holesinger, R. Feenstra, A A. Gapud, E.D.
Specht. “Evidence for extensive grain boundary meander and overgrowth of
substrate grain boundaries in high critical current density ex situ YBa,Cu3;O07.
coated conductors.” J. Mater. Res., 20, 2012-2020. (2005.)

R. Feenstra, A A. Gapud, F.A. List, E.D. Specht, D.K. Christen, T.G. Holesinger,
D.M. Feldmann, “Critical currents 1¢(77 K) > 350 A/cm-width achieved in ex situ
YBCO coated conductors using a faster conversion process,” IEEE Trans. Appl.
Supercond. 15 (2), 2803-2807, (2005).

F. Lu and E.E. Hellstrom, “Deposition of Gd,O; Buffer Layers on Ni-based
Substrates by Aerosol Spray Pyrolysis”, IEEE Trans. App. Supercond. 15, 3034-
3037. (2005.)

K. Venkataraman, E.E. Hellstrom, and M. Paranthaman, “Growth of Lanthanum
Manganate Buffer Layers for Coated Conductors via a Metal-Organic
Decomposition Process”, IEEE Trans. App. Supercond. 15, 3005-8, 2005.

G.A. Levin, P. N. Barnes, N. Amemiya, S. Kasai, K. Yoda, Z. Jiang, and A.
Polyanskii, “Magnetization Losses in Multiply Connected YBa2Cu306+x Coated
Conductors,” J. Appl. Phys 98, 113909-11, 2005.

Polyanskii, R.L.S. Emergo, J.Z. Wu, T. Aytug, D.K. Christen, G.K. Perkins and
D.C. Larbalestier, “ Magneto-optical Imaging and Electromagnetic Study of
YBCO Vicinal Films of Variable Thickness,” PRB 72,174509, 2005.

X. Song, Z. Chen, S.I. Kim, D.M. Feldmann, D.C. Larbalestier, J. Reeves, Y. Xie,
V. Selvamanickam, “Evidence for Strong Flux-Pinning by Small, Dense
Nanoprecipitates in a Sm-Doped YBa,Cu;0;.; Coated Conductor,” submitted to
Appl. Phys. Letts., 2005.

D.M. Feldmann, T.G. Holesinger, C. Cantoni, R. Feenstra, N.A. Nelson, D.C.
Larbalestier, D.T. Verebelyi, X. Li X, M. Rupich. “Grain orientations and grain
boundary networks of YBa,Cu30,. films deposited by metalorganic and pulsed
laser deposition on biaxially textured Ni-W substrates.” J. Mater. Res. 21, 923
(2006).

Palau, T. Puig, X. Obradors, R. Feenstra, A.A. Gapud, E.D. Specht, D.M.
Feldmann, T.G. Holesinger. “Grain and grain-boundary critical currents in coated
conductors with noncorrelating YBa,Cu;0; and substrate grain-boundary
networks.” Appl. Phys. Lett. 88, Art. No. 132508 (2006).

A.P. Zhuravel, A.G. Sivakov, O.G. Turutanov, A.N. Omelyyanchouk, S.M.
Analge, A. Lukashenko, A.V. Ustinov, D. Abraimov. “Laser scanning microscopy
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of HTS Films and devices.” Low Temperature Physics, Vol. 32 No. 8. Pp. 592-
607.

D.M. Feldmann, T.G. Holesinger, C. Cantoni, R. Feenstra, N.A. Nelson, D.C.
Larbalestier, D.T. Verebelyi, X. Li, M. Rupich, “Comparative study of grain
orientations and grain boundary networks for YBa,Cu;O;.; films deposited by
metalorganic and pulsed laser deposition on biaxially textured Ni-W substrates,”
to appear in J. of Materials Research, April 2006.

H.W. Jang, R.R. Das, C.B. Eom, D. M. Feldmann Q. X. Jia, P. N. Arendt, and V.
Matias “In-plane texture improvement of YBa,Cu;0;.; films on an ion-beam-
assisted deposited MgO template”submitted to Appl. Phys. Lett. (2006)

Song, X. “(110) Facets and dislocation structure of low-angle grain boundaries in
YBa,Cu;074 and Y,,Cag 3Ba,Cu;0.4 thin film bicrystals.” Accepted for
publication in Journal of Materials Research, 2006.

FSU Papers

. M. Breschi, P.L. Ribani, X. Wang and J. Schwartz, “Theoretical explanation of

non-equipotential quench behavior in Y-Ba-Cu-O coated conductors,”
Superconductor Science and Technology (submitted 2006)

A.L. Mbaruku, U. P. Trociewitz, X. R. Wang and J. Schwartz, “Relationships
Between Conductor Damage, Quenching and Electromechanical Behavior in
YBCO Coated Conductors,” /[EEE Transactions on Applied Superconductivity
(submitted 2006)

G.M. Zhang, D.C. Knoll, D.N. Nguyen, P.V.P.S.S. Sastry, U.P. Trociewitz, X.R.
Wang and J. Schwartz, “Quench behavior of YBa,Cu;0; coated conductors with
ac and dc transport currents,” Applied Physics Letters (in preparation)

UC - Davis Papers

1.

“A cooperative doping mechanism to enhance grain boundary transport in high-
Tc superconductors”, R. F. Klie, J. P. Buban, M. Varela, A. Franceschetti, C.
Joos, Y. Zhu, N. D. Browning, S. T. Pantelides and S. J. Pennycook, Nature 435,
475-478 (2005)

“Valence Electron Energy-Loss Spectroscopy in a Monochromated STEM”, Rolf
Erni and Nigel D. Browning, Ultramicroscopy104, 176-192 (2005)

University of Kansas Papers

1.

Shramana Mishra, Jonathan R. Dizon, Roberto S. Aga Jr and Judy Z. Wu, "A
comparative study of simulated and experimentally obtained electrical current
distribution in conducting films, J. Appl. Phys. 100, 083709 (2006).

R.T. Ly, R. Vallejo and J.Z. Wu, "Development of textured MgO templates on
nonmetallic flexible cereflex”, Appl. Phys. Lett. 89, 132505 (20086). Virtual journal
of applications of superconductivity, Oct. 1, 2006.

Z.W. Xing, H. Zhao and J.Z. Wu, “Reversible exchange of Tl and Hg cations on
superconducting “1212” lattice”, Advanced Materials 96, 2136 (2006)

X. Wang and J.Z. Wu, “Effect of magnetic coupling on the J; of YBa,Cu;0O;.
/Ce0,/ YBa,Cu;0;, trilayers”, Appl. Phys. Lett. 88, 062513(2006). Also in virtual
journal of superconductivity.
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X. Wang and J.Z. Wu, “Tailoring defect microstructure for better magnetic flux
pinning in YBa,Cu3;O;5 films using quench annealing”, Physica C 432,
287(2005).

R. Emergo, J.Z. Wu, T. Haugan, and P. Barnes, “Tuning porosity in YBCO films
using substrate miscut+nanoparticle insertion”, Appl. Phys. Lett. 87, 232503
(2005). Also in Virtue Journal of nanoscience and technology, Dec. 12, 2005.

A. Polyanskii, R. Emergo, J.Z. Wu, T. Aytug, D.K. Christen, G.K. Perkins and D.
Larbalastier, “Magneto-optical imaging and electromagnetic study of YBCO
vicinal films of variable thickness”, Phys. Rev. B 72 , 174509 (2005).

Roberto S. Aga, Jr., Xiang Wang, Jonathan Dizon, Jesse Noffsinger and Judy Z.
Wu, “Application of near-field scanning microwave probe to current density
mapping in conducting films at room temperature”, Appl. Phys. Lett. 86,
234101(2005).

J.Z. Wu, "Epitaxy of Hg-based high temperature superconducting thin films",
book chapter in Second-generation HTS Conductors, edited by A. Goyal, Kluwer
Academic Publishing, Boston, P317 (2005).

J. Baca, D. Fisher and J.Z. Wu, “Pore formation and increased critical current
density in YBCO films deposited on a substrate surface modulated by Y,0;
nanoparticles”, submitted (Oct. 18, 2006).

H. Zhao and J.Z. Wu, “Converting Hg-1212 to TI-2212 via Ti-Hg Cation
Exchange in combination with TI cation intercalation”, submitted (Oct. 1, 2006)
Jonathan R. Dizon, Xiang Wang, Roberto S. Aga, Jr., and Judy Z. Wuy,
“Combining Near-field Scanning Microwave Microscopy with |-V Measurement
for Imaging Current-obstructing Defects in HTS Films”, submitted to IEEE Trans.
Appl. Superconductivity.

Hua Zhao, Jonathan R. Dizon, Rongtao Lu, Wei Qiu, Judy Z. Wu, “Fabrication of
Three-Pole HgBa,CaCu,0¢.s Hairpin Filter and Characterization of Its Power
Handling Capability”, submitted to IEEE Trans. Appl. Superconductivity.



